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readout  equipment.  Deflections  at  mid-span  were  measured  with  a  rotary  ten  turn 
potentiometer.  Load  strain  and  load  deflection  curves  are  presented  and 
compared  with  theory.  The  agreement  is  quite  good.  The  difference  between 
theory  and  experiment  probably  can  be  attributed  to  the  larger  diameter  of  the 
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strains  were  less  than  1.4  percent  and  are  quite  low  compared  to  those  expected 
in  three  point  bending.  The  experiment  shows  a  good  possibility  of  using  four 
point  bending  to  eliminate  the  need  for  hot  straightening. 
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'Cooling  rates  in  the  tube  wall  for  various  prebore  quench  times  were 
determined  by  welding  sections  of  AISI  8620  steel  to  the  breech  and  muzzle 
ends  of  the  tube.  The  hardness  gradient  through  the  tube  wall  was  used  to 
determine  cooling  rates  at  1300°F  from  the  known  relationships  between 
end-quench  hardenability  curves  and  Jominy  test  bar  cooling  rates.  The 
minimum  cooling  rates,  at  1300°F,  varied  from  4°F/sec.  to  10°F/sec.  at  the 
muzzle  end  of  the  tube.  The  point  of  minimum  hardness  (slowest  cooling 
rate)  moved  toward  the  O.D.  of  the  tube  as  the  prebore  quench  time  increased. 

The  minimum  cooling  rates  resulting  from  the  prebore  quench  times 
used  in  this  experiment  are  sufficient  to  exceed  the  critical  cooling  rate 
for  gun  steel.  As  a  result,  the  prebore  quench  time  in  the  range  of 
0-150  seconds  has  no  effect  on  the  depth  of  uniformity  of  hardening  in 
105mm  M68  gun  tube  forgings. 
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removal  of  permanent  deflections  with  the  possible  elimination  of  hot 
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SECURITY  CLASSIFICATION  OF  THIS  PAGE(T*7i®n  Dmtm  Entmrmd) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dmtm  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-81027 

3.  RECIPIENT'S  CATALOG  NUMBER 

*.  TITLE  Old  Subtitle) 

STRESS  INTENSITY  FACTORS  FOR  RADIAL  CRACKS 

IN  A  PARTIALLY  AUTOFRETTAGED  THICK-WALL 

CYLINDER 

S.  TYPE  OF  REPORT  &  PERIOD  COVERED 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORfiJ 

S.  Lb  Pu  and  M.  A.  Hussain 

8.  contract  or  GRANT  NUMBER^  - 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  ft  WORK  UNIT  NUMBERS 

AMCMS  No.  611102H600011 

DA  Project  No.  1L161102AH60 
PRON  No.  1A0215601A1A 

1  1.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  DATE 

July  1981 

13.  NUMBER  OF  PAGES 

35 

14.  MONITORING  AGENCY  NAME  4  ADDRESS^//  different  /root  Controlling  Ottlcm) 

IS.  SECURITY  CLASS,  (oi  thlm  report; 

UNCLASSIFIED 

IS*.  DECLASSIFICATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (ot  thlm  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (ot  the  mbmtrmct  entered  In  Block  20,  It  different  from  Report) 

18.  supplementary  NOTES 

Presented  at  Fourteenth  National  Symposium  on  Fracture  Mechanics, 

UCLA,  Los  Angeles,  CA,  29  June  -  1  July  1981. 

To  be  published  in  ASTM  Special  Technical  Publication. 

19.  KEY  WORDS  ( Continue  on  rereree  etdm  It  neceeemry  end  Identify  by  block  number) 

Stress  Intensity  Factors  Weight  Function 

Multiple  Cracks  Load  Relief  Factor 

Thick-Wall  Cylinder  Fracture  Mechanics 

Quadrilateral  Isoparametric  Element 

2Ql  ABSTRACT  fCaatfiau*  «ca  r«rtrn  etete  ft  nw«M»r  mod  Identity  by  block  number) 

Using  a  finite  element  method  and  thermal  simulation,  stress  intensity  factors 
are  determined  for  a  uniform  array  of  equal  depth  radial  cracks  emanating  from 
the  internal  boundary  of  a  pressurized,  autof rettaged  thick-wall  cylinder. 

Computations  of  the  stress  intensity  factors  by  methods  of  load  relief  and 
weight  function  are  also  examined.  The  combination  of  finite  elements  and 

(CONT'D  ON  REVERSE) 

DD  I  JAM*73  EDITION  OF  »  MOV  6S  IS  OBSOLETE  y^  UNCLASSIFIED 


SECURITY  CLASS?  FI  CATION  OF  THIS  PAGE  (When  Dmtm  Entmred) 


SECURITY  CLASSIFICATION  OF  THIS  PAGEQtTin  Dmtm  Entered) 


20.  ABSTRACT  (CONT'D) 

weight  functions  is  found  very  effective  and  is  used  in  this  report  for 
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penetrator  and  sabot  -  particularly  along  the  intersection  between  the  two. 

These  stresses  were  then  used  to  determine  the  load  transfer  between  the 
penetrator  and  sabot. 
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76 


SECURITY  CLASSIFICATION  OF  THI$  PAGEfWhon  Date  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dete  Entmrmd) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-81 029 

3.  RECIPIENT'S  CATALOG  NUMBER 

*.  TITLE  (apd  Subtltlm) 

LOW  FREQUENCY  INDUCTION  HEATING  OF  LARGE 

DIAMETER  STEEL  PREFORMS  FOR  ROTARY  FORGING 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

61  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORf.; 

David  Concordia 

8.  CONTRACT  OR  GRANT  NUM BERf*)* 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT,  PROJECT,  TASK 

AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  3291.06.7328 

PR0N  No.  M7-4-P4727-M7-1 A 

1  1.  CONTROLLING  OFFICE  NAME  AND  AODRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  DATE 

July  1981 

13.  NUMBER  OF  pages 

42 

14.  MONITORING  AGENCY  NAME  &  AOORESSfi/  different  from  Controlling  Oifice) 

IS.  SECURITY  CLASS,  (o  1  thlm  nport) 

UNCLASSIFIED 

15*.  OECLASSI  FI  CATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thi.  Report) 

'  Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  the  mbetrect  entered  in  Block  20,  if  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (Continue  on  reveree  eide  if  neceeeery  end  identify  by  block  number) 

Induction  Heating 

Magnetic  Field 

Magnetic  Flux 

Preforms 

Rotary  Forge 

2&.  ABSTRACT  (Continue  «n  rermree  ft  neceeeery  end  identify  by  blook  number) 

Part  I  of  this  report  surveys  the  basic  theory  of  induction  heating  and 
heat  flow  in  an  inductively  heated  steel  cylinder.  Part  II  describes  an 
induction  heating  system  now  in  use  at  the  Watervliet  Arsenal,  and  applies 
the  theory  of  Part  I  to  this  system. 

W)  1473  EDmOM  OF  »  MOV  65  IS  OBSOLETE  y  y  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THtS  PAGE  (When  Dete  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWh«n  Dmtm  Entered ) 


78 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWt®n  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

t.  report  number 

ARLCB-SP-81030 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (mid  Submit) 

INDEX  TO  BENET  WEAPONS  LABORATORY  (LCWSL) 

TECHNICAL  REPORTS  -  1980 

S.  TYPE  OF  REPORT  A  PERIOD  COVERED 

6.-  PERFORMING  ORG.  REPORT  NUMBER 

7.  AU  THO  R( •) 

R.  D.  Neifeld 

8.  CONTRACT  OR  GRANT  NUMBERfA)  . 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

io.  program  element.  PROJECT,  TASK 

AREA  6  WORK  UNIT  NUMBERS 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.S.  Army  Armament  Research  8  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  OATE 

July  1981 

13.  NUMBER  OF  PAGES 

113 

14.  MONITORING  AGENCY  NAME  4  ADDRESS^//  different  from  Controlling  O Mice) 

IS.  SECURITY  CLASS,  (of  thl •  r.portj 

UNCLASSIFIED 

1S«.  DECLASSI  FI  CATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thl a  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (ol  the  abetract  entered  in  Block  20,  if  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (Continue  on  reveree  eida  if  neceeeary  and  identify  by  block  number) 

Benet  Weapons  Laboratory 

Technical  Publications 

Bibliography. 

Abstracts 

Document  Control  Data 

20.  ABSTRACT  (Cxmtfnue  ca  revere*  eMe  ft  neceeeacy  mod.  identify  by  biock  number) 

This  is  a  compilation  of  Benet  Weapons  Laboratory  technical  reports 
published  during  1980. 

DD,j22^M73  EDI-nON  OF  I  NOV  «S  IS  OBSOLETE  ?g  UNCLASSIFIED 


SECURITY  CLASSI  FI  CATION  OF  THIS  PAGE  (Wh art  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  P AQ gfTWwt  Dmtm  Enfrmd) 


\ 

v 

i 

1 

m 

\ 


l 

i 

■ 

i 

i 


80 


SECURITY  CLASSIFICATION  OF  THIS  PAGE(HTi«n  Data  Entarad) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dec  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

ARLCB-TR-81031 

4.  TITLE  (end  Subtitle) 

NUMERICAL  SOLUTION  TO  BEAM  VIBRATIONS  UNDER 

A  MOVING  COUPLE 

S.  TYPE  OF  REPORT  ft  PERIOD  COVERED 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOROI 

J.  J.  WU 

8.  CONTRACT  OR  GRANT  NUMB ERf*)  * 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4  WORK  UNIT  NUMBERS 

ttlCMS  No.  oil 102H60001 1 
?R0N  No.  1A1283121A1A 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 

12.  REPORT  DATE 

August  1981 

Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

13.  NUMBER  OF  PAGES 

29 

14.  MONITORING  AGENCY  NAME  ft  ADDRESS^//  different  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (of  thie  report) 

UNCLASSIFIED 

15«.  DECLASSI  F|  CATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thie  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  the  ebetrect  entered  in  Block  20,  If  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

Presented  at  the  U.S.  Army  Numerical  Analysis  and  Computer  Conference, 

Huntsville,  AL,  26-27  Feb  81. 

19.  KEY  WORDS  (Continue  on  revmree  eide  if  neceeeery  end  identify  by  block  number) 

j  Moving  Load 
Beam  Vibrations 
!  Finite  Element 
Gun  Dynamics 

i  Projectile  Eccentricity _ 

^  ABSTR  ACT  fChathme  ea.  revere*  efybe  ft  nm*?*+m*ry  end.  identity  by  block  number) 

?  The  finite  element  solution  formulation  in  time-  and  space-coordinates  is 
j  extended  to  beam  vibrations  effected  by  a  moving  couple •  This  problem  has 
\  direct  application  to  gun  motions  analysis  with  an  unbalanced  moving  projectile • 
j  The  moving  load,  instead  of  being  a  time-dependent  Dirac  delta  function  as  for 
!  the  case  of  a  moving  concentrated  force,  is  now  the  derivative  of  this  Dirac 
i  delta  function.  This  singular  function  does  not  present  any  difficulty  due  to 
j  (CONT’D  ON  REVERSE) 


DO  1  JAM73  M73  EDITION  OF  >  NOV  SS  IS  OBSOLETE  gj  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fflwn  Dete  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  P AGEQfftan  Dmtm  Entered) 


20.  ABSTRACT  (CONT’D) 

the  variational  process  employed.  This  solution  procedure  is  described  together 
with  results  of  beam  motions  subjected  to  a  couple  moving  with  various  speeds. 


82 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTren  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dmtm  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

ARLCB-TR-81032 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

*.  TITLE  (and  Subtitle) 

SAFE  SERVICE  LIFE  TESTING  OF  THE  155  MM  M185 
HOWITZER  BARREL  WITH  M203  PROPELLING  CHARGE 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORS 

Bruce  B.  Brown  and  Howard  D.  MCxAlonie 

8.  CONTRACT  OR  GRANT  NUM BERf e) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  3111162223 

PRON  No.  1A0204811A1A 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  DATE 

August  1981 

13.  NUMBER  OF  PAGES 

40 

U.  MONITORING  AGENCY  NAME  &  ADDRESS^//  different  from  Controlling  Office) 

15.  SECURITY  CLASS,  (ol  thla  report) 

UNCLASSIFIED 

ISa.  declassification/ down  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thte  Report) 

Distribution  limited  to  US  Government  Agencies  only  because  of  test  and 
evaluation;  August  1981.  Other  requests  for  this  document  must  be  referred 
to  Commander,  ARRADCOM,  ATTN:  Benet  Weapons  Laboratory,  DRDAR-LCB-RM, 

Watervliet  Arsenal,  Watervliet,  N.  Y.  12189. 

17.  DISTRIBUTION  STATEMENT  (of  the  ebetract  entered  In  Block  20,  It  different  from  Report) 

18.  supplementary  notes 

19.  KEY  WORDS  (Continue  on  reveree  elde  It  neceeeery  end  Identity  by  block  number) 

Howitzer  Fatigue  Test  Fracture  Toughness 

155  MM  M185  Fatigue  Life  Fatigue  Failure 

Cannon  Safe  Service  Life 

Barrel  Fatigue  Crack 

Tube  Propelling  Charge  155  mm  M203 

2(L  ABSTRACT  fCantfhtte  mx  rtrtm  etetie  ft  rrmceemery  end  Identify  by  block  number) 

A  fatigue  study  has  been  made  of  the  155  mm  M185  barrel  operating  at  M203 
propelling  charge  pressure  to  assess  the  safe  fatigue  life  and  determine 
failure  locations  and  modes.  Two  regions  were  tested:  the  origin  of  rifling 
which  proved  critical,  and  the  bore  evacuator.  Reliability  factors  were 
determined  and  a  safe  service  life  recommended. 

DD  ijah*73  1473  EDITION  OF  1  MOV  65  IS  OBSOLETE  gg 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dete  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  P  AOEfWftl  Data  Entered) 


84 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfHTlan  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wien  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

ARLCB-TR-81033 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (and  Subtl tie) 

PROCESS  AND  PROCEDURE  GUIDE  FOR  THE  "PUMP  THRU" 
METHOD  OF  CHROMIUM  PLATING  120  MM  XM256  GUN 

BORES 

S.  TYPE  OF  REPORT  4  PERIOD  COVERED 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7,  AUTHORS 

G,  D1 Andrea,  V,  P,  Greco,  and  J.  Walden 

8.  CONTRACT  OR  GRANT  NUMBERf*) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 

AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  32970672130 

PR0N  No.  1A9241411A1A 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover ,  NJ  07801 

12.  REPORT  DATE 

October  1981 

13.  NUMBER  OF  PAGES 

90 

14.  MONITORING  AGENCY  NAME  &  ADDRESS^//  different  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (of  Me  r.portj 

UNCLASSIFIED 

IS  a.  DECLASSI  Fl  CATION/ DOWNGRADING 

SCHEDULE 

16.  DISTRIBUTION  ST ATEMEN T  (of  thle  Report) 

Distribution  limited  to  US  Government  Agencies  only  because  of  proprietary 
information;  October  1981.  Other  requests  for  this  document  must  be 
referred  to  Commander,  ARRADCOM,  ATTN:  Benet  Weapons  Laboratory,  DRDAR-LCB-RP , 
Watervliet  Arsenal,  Watervliet,  N.Y.  12189. 

17.  DISTRIBUTION  STATEMENT  (of  the  ebetract  entered  In  Block  20,  If  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (Continue  on  reveree  elde  If  neceeeary  and  identify  by  block  number) 

Plating  Guns 

Chromium  ’’Pump  Thru” 

Cqnt roller  Computer 

Process  Large  Caliber 

Microprocessor 

20v  ABSTRACT  CCaxxthxum  an  reveree  eftbe  ft  rracreeeery  mxd.  Identify  by  block  number) 

The  ’’pump  thru”  plating  system  to  chromium  plate  large  caliber  guns  is 
described.  Included  in  this  report  are:  a  detailed  explanation  of  the  ’’pump 
thru”  prototype  plating  facility,  process  equipment  used,  related  specifica¬ 
tion  requirements,  and  the  process  procedure  for  chromium  plating  the  120  mm 
cannon  tube  and  chamber, 

(CONT’D  ON  REVERSE) 

DD  1  JAM  73  1^73  EDITION  OF  *  MOV  65  IS  OBSOLETE  g5  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  f!r?r*n  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  P  AO  E(Wh an  Data  Enfrad) 


20.  ABSTRACT  (CONT’D) 

This  Computerized  facility  shows  the  ready  availability  of  program 
substitution,  accommodation  of  complex  plating  processes  and  removal  of 
manual  restraints  through  automation. 

Typical  chromium  plating  results  of  several  120  mm  XM256  gun  barrels  are 
presented  to  show  the  capability  of  the  automated  "pump  thru"  facility. 

These  results  have  arisen  from  increased  monitoring  and  control  capabilities, 
which  are  essential  needs  for  the  automated  factory. 


86 


SECURITY  CLASSIFICATION  OF  THIS  P  AG  EfTVhon  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

ARLCB-TR- 81034 

*.  TITLE  (mid  Subtltl •) 

A  NEW  VARIATIONAL  METHOD  FOR  INITIAL  VALUE 

PROBLEMS ,  USING  PIECEWISE  HERMITE  POLYNOMIAL 

5.  TYPE  OF  REPORT  &  PERIOD  COVERED 

SPLINE  FUNCTIONS 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORS 

C.  N.  Shea 

Julian  J.  Wu 

8.  CONTRACT  OR  GRANT  NUMBER^*)  . 

9.  PERFORMING  ORGANIZATION  NAME  AND  AOORESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT,  PROJECT,  TASK 

AREA  ft  WORK  UNIT  NUMBERS 

AMCMS  No.  611102H600011 

PRON  No.  1A1283121A1A 

n.  CONTROLLING  OFFICE  NAME  AND  ADORESS 

US  Army  Armament  Research  &  Development  Command 

12.  REPORT  DATE 

August  1981 

Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

13.  NUMBER  OF  PAGES 

19 

14.  MONITORING  AGENCY  NAME  ft  AODRES S(tf  different  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (o  1  thi»  report) 

UNCLASSIFIED 

IS*.  DECLASSI  FI  CATION/ DOWN  GRADING 

SCHEDULE 

16.  OISTRIBUTION  STATEMENT  (of  thlm  Report) 

Approved  for  public  release;  distribution  unlimited 

• 

17.  OISTRIBUTION  STATEMENT  (ot  the  abstract  entered  in  Block  20,  If  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

Presented  at  the  US  Array  Numerical  Analysis  &  Computers  Conference, 

Huntsville,  AL,  26-27  Feb  81. 

19.  KEY  WOROS  (Continue  on  rereree  elde  If  neceeemry  and  Identify  by  block  number) 

Variational  Principle  Spline  Function 

Initial  Value  Problems  Finite  Element 

i  Bilinear  Concomitant  Recursive  Solutions 

Adjoint  System  Far  End  Value 

20.  ABSTRACT  fCorrtfau*  an  revere*  eief*  ft  nmteeemer  mod  Identify  fry  block  number) 

A  variational  principle  for  a  functional  can  be  found  which  satisfies  both  the 
original  system  and  its  adjoint  system.  The  variations  of  this  functional 
give  no  boundary  terms  if  the  bilinear  concomitant  of  the  systems  vanishes. 

For  a  second  order  time  varying  initial  value  problem,  one  can  adjust  the 
boundary  conditions  of  the  adjoint  system  in  terms  of  the  boundary  conditions 
of  the  original  system  so  that  the  bilinear  concomitant  is  identically  zero. 

(CONT'D  ON  REVERSE) 

DD  »  Fj^n  1473  EDITION  OF  I  MOV  65  IS  OBSOLETE  gy  UNCLASSIFIED 


SECURITY  CLASS?  FlCAT?ON  OF  TH?S  PAGE  (>rk«rt  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfW7i«n  Data  Enffd) 


20.  ABSTRACT  (Cont’d) 

An  expression  for  the  variation  of  the  functional  is  derived  which  contains 
only  the  terms  involving  the  variations  of  the  adjoint  variable  and  its 
derivative,  but  no  variation  of  its  second  derivative.  The  variations  of  the 
adjoint  variable  and  its  derivative  are  found  to  be  zeroes  at  the  final 
conditions,  just  as  the  variations  of  the  original  variable  and  its 
derivative  are  zero  at  the  starting  (initial)  conditions.  This  implies  that 
we  are  able  to  solve  the  problem  in  one  direction  without  worrying  about  the 
conditions  at  the  other  end  as  the  initial  value  problem  should  be.  The 
algorithm  is  much  more  simplified  than  in  the  past.  An  example  is  given  to 
show  the  procedures  of  this  new  variational  method. 


88 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTien  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Date  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

t.  REPORT  NUMBER 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT’S  CATALOG  NUMBER 

ARLCB-TR-81035 

4.  TITLE  (and  Subtltlm) 

ACTIVATION  OF  SUPERALLOYS  AND  STAINLESS  STEELS 

FOR  CHROMIUM  PLATING 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

FINAL 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR^) 

W,  Baldauf 

E.  S.  Chen 

9.  CONTRACT  OR  GRANT  NUMB ERf a)  ’ 

9.  PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

US  Amy  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 

AMCMS  No.  611102T1600011 

DA  Project  No.  1L161102AH60 
PRON  No.  1A0215601A1A 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  DATE 

August  1981 

13.  NUMBER  OF  PAGES 

13 

U.  MONITORING  AGENCY  NAME  &  ADDRESSfi/  different  from  Controlling  Ottice) 

IS.  SECURITY  CLASS,  (ol  Ifiia  raport) 

UNCLASSIFIED 

is*.  DECLASSI  FI  CATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thla  Report) 

Approved  for  public  release;  distribution  unlimited 

• 

17.  DISTRIBUTION  STATEMENT  (of  the  abatract  entarad  In  Block  20,  It  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

Presented  at  Symposium  on  Plating  on  Difficult  to  Plate  Metals,  New  Orleans, 

LA,  30-31  October  1980. 

Published  in  proceedings  of  the  symposium. 

19.  KEY  WORDS  (Continue  on  reraree  atda  It  nacaaaary  and  Idantify  by  block  number) 

Activation  Electrodeposition 

Adhesion  Stainless  Steel 

Chromium  Plating  Superalloys 

2Qw  ABSTRACT  (Continue  eta  reeeree  aid*  ft  trace** ary  amt  Identify  by  block  number) 

The  adhesion  of  electrodeposited  chromium  on  cobalt,  nickel  and  iron-nickel 
based  superalloys  such  as  CG-27 ,  Haynes  alloy  25,  and  Udimet  700,  as  well  as 
stainless  steels  was  investigated,  A  number  of  pretreatments  were  used  to 
activate  these  alloys.  The  results  show  that  a  hydrofluoric-sulfuric  acid 
pretreatment  used  anodically  produces  excellent  adhesion,  A  qualitative 
adhesion  test,  named  the  "Groove  Test"  was  developed  to  evaluate  the  adhesion 

of  thick  deposits  of  chromium  on  metallic  substrates.  The  development  of  this 
test  is  described. 

DD  i  1473  Eornow  OF  t  NOV  65  IS  OBSOLETE 

’JAM  73  89  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered ) 


SECURITY  CLASSIFICATION  OF  THIS  PAG€(Whm  Dmtm  Enft+d) 


90 


SECURITY  CLASSIFICATION  OF  THIS  PAGE(Wt«n  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Whan  Beta  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-81036 

3.  RECIPIENTS  CATALOG  NUMBER 

4.  TITLE  (mnd  Subtttlm) 

AUTOMATED  PLATING  OF  LARGE  CALIBER  GUNS  - 
APPLICATION  OF  COMPUTER  CONTROL  TO  "PUMP  THRU" 
PLATING  SYSTEMS 

5.  TYPE  OF  REPORT  &  PERIOD  COVERED 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AU  THORfa) 

Joseph  A.  Walden 

8.  CONTRACT  OR  GRANT  NUMBER^*)  • 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet .  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  &  WORK  UNIT  NUMBERS 

AMCMS  No.  32970672130 

PRON  No.  1A9241411A1A 

It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
! Large  Caliber  Weapon  Systems  Laboratory 

Dover*  NJ  07801 

12.  REPORT  DATE 

September  1981 

13.  NUMBER  OF  PAGES 

198 

U.  MONITORING  AGENCY  NAME  &  ADDRESSfi/  dltfarent  from  Controlling  Ottlce ) 

15.  SECURITY  CLASS,  (ot  Mm  import) 

UNCLASSIFIED 

15*.  DECLASS!  FI  CATION/ DOWN  GRADING 

SCHEDULE 

t6.  DISTRIBUTION  STATEMENT  (ot  thia  Report) 

Distribution  limited  to  US  Government  Agencies  only  because  of  proprietary 
information;  September  1981.  Other  requests  for  this  document  must  be 
referred  to  Commander,  ARRADCOM,  ATTN:  Benet  Weapons  Laboratory,  DRDAR-LCB-RP , 
Watervliet  Arsenal,  Watervliet,  N.  Y.  12189. 

17.  DISTRIBUTION  STATEMENT  (ot  the  mbetrmct  entered  In  Block  20,  It  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (Continue  on  rereree  el  do  It  neceeemry  and  Identify  by  block  number) 

Plating  "Pump  Thru" 

Chromium  Computer 

Controller  Large  Caliber 

Process  Microprocessor 

Guns 

2(L  ABSTRACT  (“Cootfnu*  on  imwmrmm  *£dSe  ft  rreocemmmry  end.  Identity  by  block  number) 

Computerized  control  of  the  "pump  thru"  plating  system  to  chromium  plate  large 
caliber  guns  is  described.  Included  in  this  report  are:  circuit  diagrams  of 
interfacing  electrical  hardware;  ladder  diagrams  and  memory  address  records; 
a  detailed  explanation  of  program  operation,  and  a  software  stepper  switch 
whose  function  can  be  automatically  or  manually  controlled. 

(CONT'd  ON  REVERSE) 

DD 


FORM 
t  JAM  73 


U73 


EDITION  OF  I  MOV  65  IS  OBSOLETE 

91 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  Date  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  P AGEQTftfi  Data  Entered) 


20.  ABSTRACT  (Cont'd) 

The  study  shows  the  ready  availability  of  program  substitution,  accommodation 
of  complex  plating  processes,  and  removal  of  manual  restraints  through 
automation.  Typical  chromium  plating  results  of  several  120  mm  XM256  gun 
barrels  are  presented  to  show  the  capability  of  the  automated  “pump  thru" 
facility.  These  results  have  arisen  from  increased  monitoring  and  control 
capabilities,  essential  needs  for  the  automated  factory. 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTian  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dmte  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-81037 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (mnd  Submit) 

FATIGUE  PERFORMANCE  COMPARISON  OF  ROTARY  FORGED 

AND  CONVENTIONALLY  FORGED  CANNON  BARRELS 
(105  MM  M68) 

S.  TYPE  OF  REPORT  &  PERIOD  COVERED 

Final 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORft) 

Bruce  B.  Brown  and  Howard  D.  McAIonie 

8.  CONTRACT  OR  GRANT  NUMBER^) 

9.  PERFORMING  ORGANIZATION  NAME  ANO  AODRESS 

US  Army  Armament  Research  &  Development  Command 
:  Benet  Weapons  Laboratory,  DRDAR-LCB-TL 
;  Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT,  PROJECT,  TASK 

AREA  &  WORK  UNIT  NUMBERS 

AMCMS  No.  3110.15.1100 

PR0N  No.  M7-T-F1811-01-M7-1A 

11.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 

US  Army  Armament  Research  &  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  REPORT  OATE 

September  1981 

13,  number  of  pages 

41 

U.  MONITORING  AGENCY  NAME  &  AOORESSfi/  c il  tie  rent  from  Controlling  O  ill  cm) 

IS.  SECURITY  CLASS,  (ot  thlm  r.portj 

UNCLASSIFIED 

1S«.  DECLASSIF!  CATION/ DOWN  GRADING 

SCHEDULE 

16.  OlSTRI  BUTION  STATEMENT  (ot  thle  Report ) 

Distribution  limited  to  US  Government  Agencies  only  because  of  test  and 
evaluation;  September  1981.  Other  requests  for  this  document  must  be 
referred  to  Commander,  ARRADCOM,  ATTN:  Benet  Weapons  Laboratory, 

DRDAR-LCB-RM,  Watervliet  Arsenal,  Watervliet,  N.  Y.  12189. 

17.  DISTRIBUTION  STATEMENT  (ot  the  ebetrect  entered  In  Block  20,  It  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

19.  KEY  WOROS  (Continue  on  rereree  elde  if  nece emery  mnd  Identity  by  block  number) 

Fatigue  Fracture  Toughness 

Rotary  Forge  105  ram  M68 

Press  Forge  Fatigue  Test 

Cannon  Barrel 

t 

20.  ABSTRACT  (Caatfmim  «o  revere*  ft  neceeeery  mad.  Identify  by  btock  number) 

Three  105  mm  M68  barrels  -  two  formed  by  the  new  rotary  forge  process  at 
Watervliet  Arsenal  and  one  formed  by  the  conventional  forging  process  -  were 
fired  beyond  the  assigned  safe  life  and  hydraulically  cycled  to  fatigue  fail¬ 
ure,  Fracture  toughness,  mechanical  property,  and  metallurgical  evaluations 
were  made  to  characterize  the  material.  Test  data  was  evaluated  and  compared 
with  previous  fatigue  data  on  this  barrel.  No  significant  difference  in 
fatigue  performance  or  mechanical  properties  is  noted  between  the  two  forging 
methods • 
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Using  von  Mises'  criterion  and  the  Prandtl-Reuss  flow  theory,  numerical 
solutions  are  obtained  for  the  stresses,  strains,  and  displacements  in  an 
elastic-plastic  thick-walled  tube  subjected  to  internal  pressure  and  temper¬ 
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quantities  are  determined  in  the  program  and  no  iteration  is  needed.  The 
approach  is  simpler  than  others  yet  quite  general  and  accurate. 
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Composites  of  U-0.75  Ti  reinforced  with  0.56  Vf  tungsten  wires  have  been 
fabricated  by  hydrostatically  extruding  alloy  billets  containing  seven  VM-E 
grade  6.2  ram  (0.245  in.)  diameter  tungsten  rods  positioned  in  a  hexagonally 
close-packed  arrangement.  Runs  were  made  at  500° C  and  600° C  at  an  extrusion 
ratio  of  9:1  to  achieve  nominally  9.6  mm  (0.38  in.)  diameter  rod  stock,  which 
was  machined  into  tensile,  bend,  compression,  and  Taylor  specimens. 

(CONT'D  ON  REVERSE) 

W>  1473  edition  of  i  mov  ss  is  obsolete  g7  UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Detm  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  P AGEfTPhan  Data  Entered) 


7.  AUTHORS  ( Cont 1 d) 

R.  J.  Florentine* 

Battelle  Memorial  Institute 
Columbus,  OH 

J,  Mescall,  G.  Bishop 

US  Army  Materials  and  Mechanics  Research  Center 
Watertown,  MA 

E.  Roecker 

US  Army  Armament  Research  and  Development  Command 
Ballistics  Research  Laboratory 
Aberdeen,  MD 


20,  ABSTRACT  (Cont’d) 

Metallurgical  examination  of  the  transverse  sections  of  the  extruded 
specimens  showed  no  detectable  porosity  or  filament-matrix  interaction. 
Mechanical  property  including  Taylor  test  data  are  presented  along  with  a 
disucssion  of  the  failure  modes  observed  in  these  various  tests. 


i 

i 


98 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWTian  Data  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Date  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

t.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

ARLCB-TR-81040 

3.  RECIPIENT’S  CATALOG  NUMBER 

4.  TITLE  (and  SubUtla) 

ON  ELASTIC-PLASTIC  ANALYSIS  OF  AN  OVERLOADED 

BREECH  RING  USING  NASTRAN 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

Final 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR^ 

P .  C .  T •  Chen 

8.  CONTRACT  OR  GRANT  NUMBERf*) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  and  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  61 1102H571001 1 

DA  Project  No.  1L161102BH57 
PROS’  No,  1A1235821A1A 

It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  and  Development  Command 
Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

12.  report  date 

September  1981 

13.  NUMBER  OF  PAGES 

16 

14.  MONITORING  AGENCY  NAME  4  ADDRESS^//  different  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (ot  thla  report) 

UNCLASSIFIED 

15a.  DECLASS!  FI  CATION/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thfe  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (of  the  abetract  entereckin  Block  20,  If  different  from  Report) 

18.  supplementary  NOTES 

To  be  presented  at  Tenth  NASTRAN  Users'  Colloquium,  NASA/Jet  Propulsion 

Lab,  Pasadena,  California,  7-9  October  1981. 

To  be  published  in  proceedings  of  the  colloquium. 

19.  KEY  WORDS  (Continue  on  reveree  aide  If  neceeeery  and  Identity  by  block  number) 

Elastic-Plastic 

Breech  Ring 

Finite  Element 

NASTRAN  Code 

2Q.  ABSTRACT  (~Cant£num  an  rarer**  aid*  ft  nacmaeecy  end.  Identify  by  block  number) 

The  piece-wise  linear  analysis  option  of  the  NASTRAN  code  was  used  to  analyze 
a  photoplastic  model  for  sliding  breech  mechanism.  A  two-dimensional  finite 
element  representation  for  the  breech  ring  was  chosen  and  the  material  was 
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the  elastic  as  well  as  plastic  range.  The  maximum  tensile  stresses  before 
and  after  complete  unloading  were  obtained  and  compared  with  numerical  and 
experimental  results. 
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1  Since  fracture  toughness  is  not  usually  measured,  a  program  was  initiated  to 
measure  Kic  of  105mm  M68  cannon  tube  forgings  produced  by  various  combinations 
of  steel  producer,  steel  making  technique,  and  forging  technique.  The  data 
show  that,  regardless  of  the  techniques  used  to  produce  the  forging,  the 
fracture  toughness  is  consistently  higher  at  the  breech  end  than  at  the 
muzzle  end,  a  pattern  which  is  consistent  with  the  Charpy  V-Notch  (CVN) 
energy  which  is  measured  as  part  of  the  acceptance  testing  of  tube  forgings. 
y  (CONT'D  ON  REVERSE) 
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Th.is  is  interpreted  as  a  manisfestation  of  the  increased  forging  reduction 
seen  at  the  muzzle  end. 

It  is  also  shown  that  fracture  toughness  is  greatly  influenced  by  the  steel 
making  practice  and  by  the  steel  supplier,  but  it  is  not  greatly  affected  by 
the  forging  process  used.  Specifically,  the  fracture  toughness  of  rotary 
forged  tubes  is  similar  to  that  of  conventionally  press  forged  tubes,  when 
the  steel  making  practice  is  the  same,  and  the  forging  reduction  is  similar. 
Of  the  mechanical  properties  usually  measured,  only  CVN  shows  a  relationship 
to  fracture  toughness.  Even  then,  there  is  sufficient  scatter  to  preclude 
using  CVN  as  a  predictor. 
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Due  to  misfire  problems  during  the  Follow-on  Evaluation  (FOE)  of  the  155mm  M198 
Howitzer,  an  investigation  was  initiated  to  determine  what  extent  increasing 
the  energy  supplied  by  the  M199  firing  train  would  have  on  improving  the 
system  performance  with  marginal  M82  primer  lots  (or  with  marginal  M35  firing 
mechanisms).  It  was  concluded  that  increasing  the  amount  of  energy 
transferred  to  the  primer  has  a  significant  effect  in  lowering  the  misfire 
rate. 
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Ln  solving  mixed  boundary  and  initial  value  problems  of  a  second  order  partial 
differential  equation  using  spline  functions,  the  computation  may  be  simplified 
considerably  if  the  variable  in  time  can  be  truncated  into  arbitrary  sections. 
Sach  section  may  have  several  node  points  for  the  spline  functions  in  the  time 
iomain.  This  is  true  because  we  found  from  a  previous  paper*  that  the  initial 
yalue  problem  can  be  solved  in  one  direction  using  variational  principle  and 
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20.  ABSTRACT  (CONT’D) 

cubic  Hermit e  Polynomials,  without  worrying  about  the  conditions  at  the  other 
end  • 

The  end  conditions  of  the  adjoint  system  can  be  adjusted  according  to  the  end 
conditions  of  the  original  system  so  that  the  bilinear  concomitant  is 
identically  zero#  This  satisfies  the  variational  principle#  A  bilinear  form 
of  the  original  and  adjoint  variables  is  employed  in  determining  the 
coefficients  of  the  variations  of  the  functions  and  their  first  derivatives# 
There  is  no  term  involving  the  variations  of  any  higher  derivatives#  A 
bicubic  Herraite  Polynomial  spline  function  is  used  which  gives  continuity  in 
the  function  and  first  partial  derivatives  in  space  or  time,  together  with 
the  mixed  first  partial  derivative  in  space  and  time.  Algorithm  and 
procedure  of  computation  are  given. 


106 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfWien  Dal a  Entered) 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER 

ARLCB-TR-81044 

2.  GOVT  ACCESSION  NO. 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (and  Subtttla) 

THERMO-ELASTIC-PLASTIC  STRESSES  IN  MULTI-LAYERED 
CYLINDERS 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

6  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORS 

John  D.  Vasilakis 

8.  CONTRACT  OR  GRANT  NUMBER(s) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 
Benet  Weapons  Laboratory,  DRDAR-LCB-TL 

Watervliet,  NY  12189 

to.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  4  WORK  UNIT  NUMBERS 

AMCMS  No.  6111.01. 91A0 . 0 

DA  Project  No.  1T161101A91A 
PR0N  No.  1A1281501A1A 

M.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Armament  Research  &  Development  Command 

12.  REPORT  DATE 

November  1981 

Large  Caliber  Weapon  Systems  Laboratory 

Dover,  NJ  07801 

13.  NUMBER  OF  PAGES 

24 

i4.  MONITORING  AGENCY  NAME  6  ADDRESS^//  different  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (of  Ihla  raport) 

UNCLASSIFIED 

1S«.  DECLASSIFIC  ATI  ON/ DOWN  GRADING 

SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (of  thie  Report) 

Approved  for  public  release;  distribution  unlimited 

17.  DISTRIBUTION  STATEMENT  (of  the  abettact  entered  in  Block  20,  if  different  from  Report) 

18.  SUPPLEMENTARY  NOTES 

Presented  at  27th  Conference  of  Army  Mathematicians 
West  Point,  NY,  10-12  June  1981. 

Published  in  proceedings  of  the  conference. 

,  US  Military  Academy, 

19.  KEY  WORDS  (Continue  on  revarea  eida  if  neceeeary  and  identify  by  block  number) 

Thermo-Elastic-Plastic  Response 

Multi-Layered  Cylinders 

Thermal  Loads 

Pressure  Loads 

2<L  ABSTRACT  (~Cantfnue  «o  rererem  eidm  ft  nmceeeary  and  identify  by  bioclc  number) 
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A  superconducting  transition  temperature,  Tc,  of  124.  K  has  been  observed  in 
palladium  implanted  with  copper  ions  and  electrolytically  charged  with  hydrogen 
at  dry  ice  temperature.  A  step-wise  warmup  procedure  between  77  K  and  273  K 
produces  considerable  variations  in  Tc.  Annealing  the  copper  implanted 
palladium  before  electrolysis  does  not  change  Tc  to  a  substantial  degree. 
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The  major  criteria  for  the  condemnation  of  gun  tubes  is  based  on  the  excessive 
erosion  of  the  bore  which  results  in  loss  of  range  and  accuracy.  Gun  tube 
erosion  is  caused  by  a  number  of  severe  thermal,  mechanical,  and  chemical 
factors  interacting  during  the  firing  cycle.  One  approach  to  minimize  erosion 
is  to  line  gun  barrels  with  wear  resistant  materials.  This  work  introduces  LC 
chromium  coated  steel  liners  to  reduce  excessive  bore  erosion.  Firing  tests 
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conducted  in  the  20  mm  M24A1  gun  system  compare  the  LC  Cr/steel  with 
conventional  (hard)  chromium  plated  steel  liners  subjected  to  the  same  test 
conditions.  Preliminary  tests  indicate  that  the  LC  Cr/steel  combination 
reduces  erosion  in  the  20  mm  gun  system. 
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